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ABSTRACT 

The locality of Volax is situated in eastern Macedonia, Greece, in a small 
karstic-tectonic basin. T he Volax horse is a large-sized horse with moderately 
plicated enamel in the upper teeth, short protocone with flat lingual border, 
hypsodont teeth, slightly plicated flexids in the lower teeth, as well as short 
and robust metapodials. T he dental and postcranial characters of the Volax 
horse indicate that it is a stenortoid horse with greatest similarities to the 
horse from Dafnero (Greece) and La Puebla (Spain), fr is also close to 
E. s. vireti from Saint-Vallier, as well as to the horse from Olivola and 
Matassino (Italy). The study of the Volax equid adds to our knowledge 
about the Villafranchian horses and their relationships. The age of the Volax 
locality is also discussed and a middle Villafranchian age (MN17) is propo¬ 
sed. 
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RESUME 

Le giseinent fossililere de Volax se situe en Grece, dans la Macedoine orien¬ 
tate. Le materiel d’equide trouve dans cc gisemenr fait fobjet de ce travail. II 
s’agit d’un equide de grand taille, a I’dmail de la denture superieure modere- 
ntent plisse, dote d'un court prorocone er d'une face linguale plate, d'une 
hypsodontie assez forte. I.cs flexides de la denture inferieure sont legerement 
plisses, les metapodiaux courts et robustes. Ccs caractdristiques montrent de 
fortes similitudes avec £ s. vireti des gisemcnis de Dafnert) (Grece) et de 
La Puebla (Espagne), l.’equidd de Volax ressemble aussi a £ stenonis de 
Saint-Vallier, et a Pequide d'Olivola et de Matassino (Italie). L’etude des 
equidds de Volax parfait noire connaissance des chevaux du Villafranchien et 
de leurs relations de parcntc. La datarion du gisement est dgalement discu- 
tee ; un age Villafranchien moyen (MN17) peut etre propose. 
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INTRODUCTION 

The locality of Volax has been discovered in 
1961 by Prof. H. J. Martini (University of 
Hannover), who investigated the area studying 
the manganium deposits and informed 
Prof. O. Sickenberg, of the same University, 
about the new locality. With the permission of 
Prof. M. Mit/opoulos (University of Athens) and 
Prof. G. Marinos (University of Thessaloniki), 
Sickenberg excavated and collected abundant 
material which was carried to Hannover 
(Sickenberg 1968a). Parr of the material, inclu 
ding the carnivores and the gt'taffids, was studied 
by Sickenberg and then sent back to the 
University of Athens (Sickenberg 1967. 1968b). 
The rest material remained in Hannover till 
1992. At that time one of us (G. Koufos) asked 
from the University of Hannover to send back 
the material. The director of the laboratory in 
Hannover, Prof. Becker-Platten, sent back imme¬ 
diately to our laboratory the material in his dis¬ 
posal. This material was prepared and registered 
again. The artindactyls (bovids and cervids) were 
given by G. Koufos to D. Kostopoulos and have 


been studied by him as a part of his thesis 
(Kostopoulos 1996). The rest material, including 
the equids, is studied in this article. 

The locality is situated near the village of Volax 
about 11 km north-west of Drama (Fig. 1) in a 
small karstic-teaonto basin. The basin is filled by 
clastic sediments belonging to two alluvial fans. 
The deposits consist of alternating beds of 
conglomerates and calcareous sandstones with 
lenticular intercalations of very hard calciric- 
arenaccous clays including the fossils. Two fossi- 
liferous sites have been found, referred as Lager 1 
and Lager 2 (Sickenberg 1968a). Both sites are 
situated in Leprokatia ravine; Lager 2 is located 
at the eastern wall of the ravine and Lager 1 at 
the western wall, abour 3-5 m above Lager 2 
(Kostopoulos 1996). The matrix is very hard and 
the preparation of the fossils quite difficult. The 
material from both sites was mixed by 
Sickenberg and for this reason it will be referred 
as a single sample under the locality indication 
“Volax” (VOL). 

The Volax material includes quite well preserved 
specimens of equids which allow a good descrip¬ 
tion and comparison with the known 



Fig. 1 . — Sketch map indicating the various referred Villafranchian localities of Macedonia, Greece. 
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Villafranchian horses of Greece and Europe. Some 
years ago the Villafranchian equids of Greece were 
more or less unknown. Recently a rich sample 
from tire various localities of Mygdonia basin 
(Macedonia, Greece) lias been described (Koufos 
1992; Koufos el al. in prep.). Some material of 
Villafranchian horses was also described from wes¬ 
tern Macedonia, Greece (Steensma 1988; 
Koufos & Kostopoulos 1.993). Moreover some 
equids are also reported front the Villafranchian 
locality of Sesklon (Thessaly, Greece) by 
Symeonidis (1991-1992). The study of the Vo lax 
equids will add to our knowledge about the 
Villalranchian horses and their relationships', as 
well as' to the biostratigraphy of Villafranchian. 

The descriptions' and measurements of the mate¬ 
rial are given according to the system proposed 
by Eisenmann ctal. (1988). 

PALAEONTOLOGY 

Order PERJSSODACTYLA Owen, 1848 
Family EQUlDAE Gray, 1821 
Genus Equus Linneaus, 1758 
Species Equus stenonis Cocchi, 1867 

Equus stenonis cf. vireti 

Locality. — “Volax”, VOL (= Lager 1 and 2 of 
Sickenberg 1968a), Macedonia, Greece. 

Age. -— Middle Villafranchian (late Pliocene). 

Material. — Maxilla with P2-M3 dex and P2-M2 
sin, VOL-203; P2 dex, VOL-209; P3,4 sin, VOL 
207; M3 sin, VQL-208; mandible, VOL-202; right 
mandibular ramus with dp2-dp4, VOL-204; 5 distal 
parts of humerus,, VOL-172. 173. 174, 175, 177; 
radius, VOL-170; proximal part of radius, VOL-169; 
2 distal parts of radius, VOL-167, 168; 2 Me 111, 
VOL-152, 155; proximal part of Me 111,. VOL-157; 
2 distal parts of Me 111, VOL-153, 156; tibia,. VOL- 
162; 2 proximal parts of tibia, VOL-163. 165; 4 distal 
parts of tibia, VOL-160, l6l, 1(4, 166; os cuboid, 
VOL-198; 2 astragali, VOL-167. 169; 2 Mt (II, 
VOL-145, 149; 3 ptoximal parts of Me 111, VOL-144, 
146, 147; 5 distal parts of Mt 111, VOL-148, 150, 
154, 158, 159; first anterior phalanx, VOL-183; first 
posterior phalanx., VOL-181-, proximal part of first 
phalanx, VOL-184; 2 distal parts of first phalanx, 
VOL-182, 185; 2 second phalanges, VOL-186, 187; 
4 third phalanges, VOL-188, 189, 190, 191. 


Description 
Maxilla and mandible 

A maxilla (Fig. 2) is only known with both 
toothrows and a more or less complete mandible 
(Fig. 3) without the ascending ramus. The palate 
is relatively elongated, narrow and deep. The dis¬ 
tance anterior botder of P2-choanae is 148 mm, 
while the palatal breadth is 73.4 mm in front of 
P2 and 75-5 mm between the posterior borders 
of P4. The choanae arc broad and their anterior 
border is situated at the middle of M2. The facial 
crest is strong and its anterior border is situated 
above Ml. The toothrow length is 185 mm and 
the length of the premolar and molar rows is 
102 mm and 83.6 mm respectively. The index 
Molar length X 100/Prcinolar length is 83.6 vs 
88.6 tor E. s. cf. vireti (Dafncro, western 
Macedonia, Greece), 84.2 for E. s. mygdoniensis 
(Gerakarou, Mygdonia basin, Macedonia, 
Greece), 84.1 for E. s. cf. vireti (La Puebla, 
Spain), 82.7 for A. s. vireti (Saint-Vallicr, France), 
80 for E. s. senezensis (Seneze, France) and 
76.9-86.2 for E. s. stenonis from U. Valdarno; 
data from Prat (1968), Eisenmann (1980), Privat 
Dcfaus (1986), Koufos (1992), and Koufos & 
Kostopoulos (1993)- The Volax horse in this 
character is similar to the stenonoid horses. In 
front of P2 there is the trace of a small single- 
rooted dP 1. 

The mandible JS large and elongated with relati¬ 
vely shallow horizontal ramus. The snout Is rela¬ 
tively long and narrow; however at the. incisors 
area it is wide. The symphysis is elongated. 
There is not any trace of dpi. The toothrow 
length is 188.5 mm, while that of die prcmolars 
and molars is 92.2-98.3 mm and 91.5 mm res¬ 
pectively. The index Molar length X 100/ 
Preniolar length is 93.6 vs 92.6 for £. s. cl. vireti 
(DafnerO, Western Macedonia, Greece), 95.6 for 
£ s. mygdoniensis (Gerakarou, Mygdonia basin, 
Macedonia, Greece), 92.3 for E. s. senezensis 
(Senate, France) and ,90.3-96.6 for £. s. stenonis 
from U, Valdarno; data from Prat (1968), Privat 
Defaus (1986), Koufos (1992) and Koufos & 
Kostopoulos (1993). 

Permanent dentition 

The upper teeth are small relatively to the skull 
with strong mesostyle. 
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The fossettes are always (.fused and isolated.. The 
enamel in their borders is slightly plicated. In the 
very worn teeth (VOL-209) the enamel is simple 
and the fossettes are buccolingually narrow. The 
plication number is as an average five pit's in the 
premolars and six plis in the molars. The proto¬ 
cone is assymetrical and relatively short with flat 
lingual border. In the premolars it is triangular, 
while in the molars ir is more elongated and 
elliptical. In the extremely worn P2 (VOL-209) 
the protocone is rounded. The short protocone 
characterizes E. stenonis (Azzaroli 1965; De Giuli 
1972). The pli cabalin is simple and small or 
rudimentary. The hypocone is elliptical with 


rounded distolabial border. The distal hvpoconal 
groove is narrow and shallow, while a slight lin¬ 
gual groove is present only in the premolars. In 
M3 there is one Isolated hypoconal islet There 
are no unworn or little worn teeth to measure 
ihe hypsodonty but from the available material 
the teeth seem to be hypsodont. 

The lower incisors are medium-sized with ellipti¬ 
cal-rounded crowns and well developed cusps. 
The paraconid is moderately developed in p2. 
The parastylid is moderately developed; its lingual 
border does not exceed the middle of the meta- 
conid. It is also closed from all sides, suggesting a 
“stenonine” type horse (Eisenmann 1981, fig. 3). 



Fig. 2. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. A, maxilla with P2-M3 dex and P2-M2 sin, VOL-203; B, right toothrow 
of the maxilla VOL-203; C, left toothrow of the maxilla VOL-203. 
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The metaconid is rounded, the metasrylid ellipti¬ 
cal-rounded and the entoconid squarish in the 
premolars and elliptical in the molars. Tile lingual 
wall of both metaconid and metastylid is convex. 
The linguaflexid is V-shaped and deep, like in the 
“stenonine" type horses (Azzaroli 1965; De Giuli 
1972; Eisenmann 1981). The linguaflexid is shal¬ 
lower in the premolars than in the molars; in the 
latter it sometimes touches the ectotlexid. The lat¬ 
ter is V-shaped, open and shallow in the premolars 
but deeper and narrower in the molars. There is a 
simple and very small rudimentary pli caballinid 


which tends to disappear in the more worn teeth 
(ml of VOL-208). The enamel at the preflexid’ 
borders is simple, while the postflexid has plicated 
or crcnulated enamel in its buccal border. 

Milk dentition 

A unique complete lower milk tooth row with 
slightly worn teeth is available. The paraconid in 
dp2 is moderately developed. The parastylid in 
dp3,4 is well developed and closed, The enamel 
at the flexid's borders is simple, without plica¬ 
tions. The linguaflexid has open-V shape, while 







D 2 cm 


Fig. 3. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. A, mandible with both toothrows, VOL-202; B, left toothrow of the 
mandible VOL-202; C, right mandibular ramus with dp2-dp4, VOL-204; D, right milk toothrow of the mandible VOL-204. 
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the ectoflexid is narrow, U-shaped and touches 
the linguaflexid. The metaconid, jnctastylid and 
entoconid are little worn and their shape is asym¬ 
metrical. The hypoconulid is well developed; in 
dp3 it is separated as an islet. There is no trace ol 
ectostylid. In front of dp2 there is the alveole of a 
very small dp 1. 


Postcranials 

The postcranials are few and badly preserved. 
Nevertheless, there are some complete metapo- 
dials, phalanges and some tarsals. 

Metacarpals. These are short and robust. The 
index height Me 111 X 100/height Radius is 66.5 
and suggests a short metacarpal. The slenderness 



Fig 4 — Equus stenonis cf. vireti, Volax, Macedonia, Greece A. radius, VOL-170; B, third metacarpal, VOL-155; C, distal part of 
tibia, VOL-164; D. third metatarsal, VOL-149, E, phalanx I anterior, VOL-183, F. phalanx I posterior, VOL-181; G, phalanx II, 
VOL-186; H, phalanx II, VOL-187; I, phalanx III, VOL-189, J, phalanx III, VOL-191 
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index (= distal articular breadth X 100/height) is 
20,1, indicating a relatively robust metapodiak 
The keel indc-x (= distal articular breadth 
X 100/max DAP of the keel) Is 129.9, indicating a 
moderately developed keel. In the available meta- 
carpals there is no fusion of die lateral metapodials 
with die central one, the proximal part is flattened 
and the anteroposterior diameter of the proximal 
articular facet is short, 'flic suprarticulat fossae are 
sharp in the anterior face of the distal part with 
various depth, while in the posterior face the keel 
is not very high. All these features of the metacar- 
pals are characteristic for the stenonoid horses 
(Gromova 1949; De Giuli 1972). 

Metatarsals. These are short and robust; the 
slenderness index is 17> indicating a robust meta¬ 
tarsal. Morphologically, in the posterior surface 
of the distal part, there are two fossae separated 
by a slight crest indicating a stenonoid horse 
(De Giuli 1972). In the stenonoid horses the 
metatarsals relative to the metacarpals are shorter 

A PROTOCONE INDEX 



B POSTFLEXID INDEX 



Fig. 5. — Comparative diagram, or Protocone index (A) and 
Postflexid index (B) lor the leeth of various stenonoid horses. 

E, s. cf, virsti, Volax, VOL; E s c.f. vireti, Dafnero. Greece 
(Koutos & Kostopoulos 19931; , E s cf. vireti, La Puebla, 

Spain (Eisenrnann i960, 1961); ♦. £ s. vireti. Samt-Vallter. 
France (Eisenmann 1980,1981); A, E. s. sene? ensis, Sendze, 
France (Eisenmann 1980, 1981J; •, E. s. mygdoniensis, 
Gerakarou, Greece (Koufos 1992). 


(De Giuli 1972). The index height Me III 
x 100/height Mt Ill is 87.6, in 84.2 for DFN, 
86.5 for La Puebla, 87.8 for Saint-Vallier, 86.5 
for Olivola and 87-5-89 for Gerakarou horse. 
Accotding to this character the Volax equid 
belongs to the stenonoid horses, as this index for 
F. caba/lusis 82 (De Giuli 1972). 

Astragali, l ire two available astragali from Volax 
have higher than 100 index heighr of the lateral 
condyle X 100/max breadth; this index is aL 
mean 105 for the Volax equid, while in the 
caballoid populations it is 96.3 (De Giuli 1972). 
The crest distinguishing the facets for navicular 
and cuboid is very sharp and the facet for cuboid 
is very oblique. These two morphological fea¬ 
tures suggesr a stenonoid horse (Gromova 1949; 
De Giuli 1972). 

First phalanges. These are relatively short and 
robust; the anterior lirsc phalanx is slenderer than 
the posterior one. The trigunum phaiangis is 
relatively short; the index max length of trigo- 
num phaiangis X 100/heighr is 56.1 vs 70-74 lor 
the caballoid horses (De Giuli 1972). Thus, in 
this feature, the Volax horse is similar to the ste¬ 
nonoid horses. The second phalanges are short, 
robust and anteroposteriorly flattened. 

DISCUSSION 

As referred in the description, the Volax equid 
has dental and postcranial morphology and pro¬ 
portions similar to those of £ stenonis. However 
there are several subspecies of E. stenonis descri¬ 
bed from various European localities. Two well 
known subspecies are known from Macedonia: 
E. s. cf. vireti (rom Lite locality of “Dafnero" 
(DFN), western Macedonia, Greece (Koufos & 
Kostopoulos 1993), and E. s. mygtloniensis from 
the locality of “Gera-karou-T’ (GER), Mygdonia 
basin, Macedonia, Greece (Koufos 1992). A ste¬ 
nonoid horse referred as E. stenonis is known 
from Thessaly (Symconidis 1991-1992). A 
small-sized stenonoid horse similar to that from 
Gerakarou is also referred from the Grevcna 
basin as E. s. cf. senezensis (Steensma 1988). 
Besides these Greek subspecies there are several 
others known from the Villafranchian of Italy, 
France and Spain. The Volax equid will be corn- 
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pared with these in order to find its relationships 
with them. 

The Dafnero horse is a stenonoid one which has 
great similarities with that from Volax. It is a 
large-sized horse with moderately plicated 
enamel in the upper teeth (an average of six plis 
in the premolars and 6.4 pits in the molars), 
short protoconc with flat lingual border, hypso- 
donr teeth, slightly plicated flexids in the lower 
teeth, short and robust metapodials (Koufos &C 
Kostopoulos 1993). The protocone index 
(Fig. 5A) of Volax and Dafnero horse is more or 
less similar, while the postflexid index (Fig. 513) 
of the Dafnero horse is high, suggesting longer 
postflexid. As the postflexid length depends 
upon the attrition, and as the specimens from 
Volax are few (1-2), this difference is possibly not 
valid. The Volax metapodials are very similar to 
those of Dafnero (Fig, 6A). In the diagrams of 
figure 6 their lines are parallel to those of 
Dafnero horse, suggesting similar size and pro¬ 
portions. Moreover their general proportions are 
similar to those of the large stenonoid horses 
confirming their determination to E. stenonis. 
Similar results arc also taken from the compari¬ 
son of the first phalanges (Fig. 7). Thus the horse 
from Volax Is similar to that from the middle 
Villafranchian locality ot DFN and both can 
belong to the same subspecies. 

Another stenonoid horse is known from the loca¬ 
lity of Sesklon (Thessaly, Greece). It has large 
dimensions; the length of the lower toothrow is 
191 mm (Symeonklis 1991, 1992). The size of 
the first phalanges -and astragalus are very close to 
those of the VOL equid. Unfortunately there are 
no measurements from the metapodials for a 
comparison with the studied ones; the material 
of Sesklon is still on study. Fiowever from the 
few available data the Sesklon horse seems to be 
very close to those of Volax and Dafnero. 

The horse of La Puebla (Spain), referred as 
/;. s. cf. vireti, is -a large-sized stenonoid horse, 
similar to the studied one. The upper toothrow 
length is 191 mm (Eisenmann 1980) vs 185 mm 
for the Volax equid. The protoconc index of the 
Volax equid is similar to that ol the La Puebla 
horse; only the protoeone index ol P3 and M3 
from Volax is smaller than that of La Puebla 
(Fig. 5A). The postflexid index of the Volax 


horse is smaller in p4 and ml,2 than that of 
La Puebla (Fig. 5B). But as the Volax material is 
very scanty comparatively to that of La Puebla, 
this difference is not sufficiently proved. The 
metapodials and first phalanges of the Volax 
horse fit very well with those of L-a Puebla; their 
size and proportions are the same (Fig, 6). 
Moreover the various indices calculated for tfie 
metapodials of the Volax horse are similar to 
those for the La Puebla one (see description). 
Taking in -account all the above data, the Volax 
and La Puebla eqmds are similar and can be 
determined to the same subspecies. 

The subspecies E. $. vireti is known from the 
locality of Saint-Vallier (France). It is larger than 


A 

THIRD METACARPAL 



THIRD METATARSAL 



F;G. 6. — Logarithmic ratio diagram comparing the metapodials 
o( the Volax equid with Ihosfl of E, stenonis from various locali¬ 
ties, Standard £ nermonus onager (Bsenmann 6 Beckouche 
1986). £. s. ct. vireti, Volax, VOL; E. s. ct. vireti, Dafnero, 

Gi*8CF (Koutns & Kostopoulos 1993); . E. s. cf. vireti, 

La Puebla, Spain (Eisehmunn 1979); ♦, E. s vireti, Saint- 
Vallier. Prance (Enenrriaprt 19?8); *, E s- mygdoniensis, 
Geiakaroe, Greece (Koufos 199?): ■ E. s. stenonis, Olivota, 
Italy (DeGiuli 1972). 
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the Volax horse with relatively higher protocone 
and postflexid indices except those of P2 and p2 
(Fig. 5). The toothrow length is 182-196 mm 
(mean 197.5 mm) for the upper and 
176-199 mm (mean 190 mm) for the lower jaw 
(Prat 1968). The toothrow length of the Volax 
horse is into the ranges of variation for E. s, vireti 
but its mean values are slightly smaller than 
those of Saint-Vailier. However the metapodials 
of £ s. vireti have similar height with those from 
Volax but their proportions are larger, indicating 
slightly more robust metapodials than those of 
Volax (Fig. 6). This difference is clearer in the 


FIRST ANTERIOR PHALANX 



° FIRST POSTERIOR PHALANX 

0.16 
0.14 
0.12 
0.1 
0.08 
0.06 
0.04 
0.02 
0 

V 3 4 5 6 7 

Fig. 7. — Logarithmic ratio diagram comparing the first pha¬ 
langes of the Volax equid wllh those of F, stenonis from various 
localities. Standard F. hemlonus onager (Eisonmann S De Giuli 
1974: Dive & Eisenmann 1991). -. F. s. cl. vireti, Volax, VOL;—. 
E s. cf. vireti, Datnero, Greece (Koutos 8 Kostopoulos 1993); 
—, F. s. cf. vireti. La Puebla, Spain (Eisenmann 1979), ♦, 
F. s. vireti, Saint-Vallier, France (Eisenmann 1979). 


metatarsals. The first phalanx ol £. s, vireti is also 
larger than that of Volax (Fig. 7). Considering all 
these characters the Volax equid has great simila¬ 
rities with the type material of £. r. vireti but it is 
slightly smaller with slightly slenderer metapo¬ 
dials. 

The typical subspecies £ s. stenonis is known 
from the area of Tuscany, Italy (Valdarno, 
Olivola, Matassino). A good description of this 
subspecies is given for the material of Olivola and 
Matassino by De Giuli (1972). The tooth-row 
length is 187-189 ram for the upper and 
194-195 mm for the lower jaw; these values are 
close to those of the Volax sample. The metapo¬ 
dials from Olivola have slightly larger dimensions 
than those of Volax, Dafnero and La Puebla, 
situated between them and £ s, vireti from 
Saint-Vallier (Fig. 6). The maximal diameter of 
the articular facet for the os magnum in Me III is 
significantly longer in the Olivola sample than in 
the others' (measurement 7 in Fig. 6A). The dis¬ 
plays is is wider in the Olivola metatarsals than in 
the other horses (measurement 3 in Fig. 6B). 
£. s, stenonis is noi very different from £. s. vireth 
their skull size is similar hut £. s. stenonis has lon¬ 
ger metapodials (Az/aroli 1990). The comparison 
of the metapodials (Fig. 6) suggests that their 
general proportions are very similar. 

All the European subspecies of £, stenonis are 
based on differences in the si/e and proportions 
represenring geographical and/or chronological 
varieties. Sometimes the few available or frag¬ 
mentary material cannot allow a good statistical 
analysis evidencing some differences. Three pos¬ 
sibilities can be proposed for these large horses of 
the end of Pliocene, (a) to represent a single sub¬ 
species of £. stenonis with local varieties; (b) to 
represent rwo subspecies, £. s. vireti (La Puebla, 
DafnerO, Volax) and £. s. stenonis (Valdarno, 
Olivola, Matassino); and (c) to include Dafnero, 
Volax and La Puebla to a new subspecies. The 
first hypothesis seems to be the most probable 
but since 1 have not seen all this material 1 can¬ 
not support it at the moment; a monography 
revising all European stenonoid horses is necessa¬ 
ry in order to clarify their relationships and to 
define the valuable species and Subspecies. 

From the Villafranchian localities of Mygdonia 
basin (Macedonia, Greece), a stenonoid horse has 
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been described as E. s. tnygdoniensh\ the better 
sample is rhat of the locality ol 'Gerakarou l", 
GER (Koulos 1992). E. s. tnygdonicnsis is smaller, 
with relatively slenderer merapodials than the 
Volax horse. The toothrow length is' 173.5 mm 
for the upper and 167-8 nun for die lower jaw vs 
185 mm and 188.5 mm for the Volax horse res¬ 
pectively. The slenderness index is 18.6 lor Me III 
and 15.9 for Mt III, while in the Volax horse it is 
respectively 20.1 and 17. The xnetapodials of the 
Gerakarou horse have more or less similar height 
but their relative proportions are quite smaller 
than those of the srudied equid (Fig. 6). The 
horse found in the locality of Livakos (Grevena 
basin) and described as E. j. cf. senezensis 
(Steensma 1988) is smaller than that of Volax and 
closer to E. s. mygdimiensis (Koufos 1992). 
Concerning all the above mentioned descriptive 
and comparative data, the Volax horse belongs to 
E. stenonis and has greatest similarities with the 
forms from Dafnero and La Puebla. It is also 
close to E. $. vireti from Saint-Vallier. It has as 
well some similarities to E. s. stenonis from 
Olivola and Matassino. Thus, the Volax horse is 
referred as E. s. cf. vireti. 


BIOCHRONOLOGY 

The Volax horse belongs to the large-sized steno- 
noid horses which appeared at the end of 
Pliocene. The oldest representative of Eqttus in 
Europe is E. livenzovensis while the first appea- 
rence of the genus in Eurasia has been dated at 
about 2.5 Ma (Lindsay et al. 1980; 
Bonadonna & Alberdi 1987). E. stenonis includ¬ 
ing the late Pliocene-early Pleistocene horses 
with several forms, allowed the subdivision of 
that time span (Bonadonna & Alberdi 1987; 
Azzaroli 1990). The Volax horse has Some simila¬ 
rities with E. s. vireti from Saint-Vallier. The 
Saint-Vallier locality has been dated to late 
Pliocene, MN17 (Mpin 1990). According to 
Torre et al. (1992) the Saint-Vallier locality 
belongs to the Saint-Vallier Faunal Unit corres¬ 
ponding to the end of middle Villafranchian. 
The horse of Volax is very similar to that of 
Dafnero (Greece) and La Puebla (Spain). The 
Dafnero locality has been dated to middle 
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Pig 8.— Faunal list: VO. Volax (Sickenberg 1967, 1968a, b; 
Kostopoulos 1996); DFN, Dafnero (Koufos 1993: Koufos & 
Kostopoulos 1993, 1997; Kostopoulos 1996): PUE, La Puebla 
(Aguirre & Morales 1990), STV Saint-Vallier (Heiniz el at. 
1974), OLI, Olivola. 

Villafranchian (zone MN17a ol Mein 1990; or 
MNQ17 ol Guerin 1990), (Koufos et al. 1991; 
Koulos 199.3; Koufos & Kostopoulos 1993; 
Kostopoulos & Koufos 1994; Kostopoulos 
1996). The locality of La Puehla is also dated to 
middle Villafranchian, MN17 and is considered 
slightly younger than that of Saint-Vallier (Mein 
1990). Taking into account the above mentioned 
similarities of the Volax horse with those from 
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Fig. 9. — Faunal similarities indices of Simpson and Pickford, calculated for the localities of figure 8. The left number is at generic 
level and the right number at specific level. 


the other localities, a similar age can be proposed 
for the locality of Volax. 

The material collected from Volax has been 
determined by Sickenberg (1967, 1968a, b) and 
the following species are referred: Megantereon 
megantereon megantereon , Nyctereutes megtimas- 
toides megamnstoideSf Vulpes praecorsac, Bosdagius 
felinus, Felts (Lynx) issiodorensisl , Maccdonithe- 
riurn martinii, Leptobos sp., Nemorbedus sp., 
Gazella sp., Gitzellospira sp., Didervwccros sp,, 
Ecjuus (Allohippus) sp. and Pmboscidea inder., 
while an earliest Pleistocene age has been propo¬ 
sed. However the presence of Nyctereutes in the 
Volax fauna suggests an older age; the genus has 
been replaced by Cams at the beginning of late 
Villafranchian (Torre ft al. 1992). Thus the 
Volax fauna must be older than Early Pleis¬ 
tocene. The recent study of the bovids and cer- 
vids from Volax (Fig. 8) and their comparison 
with those of the other Greek and European 
localities suggest also a middle Villafxanchian 
(MN17a) age (Kostopoulo.s fie Koutos 1994; 
Kostopoulos 1996). This age confirms the above 
mentioned age proposed for the Studied equid. 

As it was referred before, the Volax equid is simi¬ 
lar or has similarities with that from Dainero, 
La Puebla, Saint-Valliet and Otivola. A compari¬ 
son of the whole fauna from Volax with those of 
the above mentioned localities is necessary to 
establish these similarities.The faunal composi¬ 
tion of Volax is similar to that of Dafnero, 
La Puebla and Saint-Vallier (Fig. 8). The simila¬ 


rity index of Simpson is high, both in generic 
and specific level, while the distance index of 
Pickford is small (Fig. 9), indicating strong fau¬ 
nal similarities. The differences in the faunal 
composition are referred in the absence of some 
small carnivores (Fig. 8), which are dillicult to he 
preserved pre- and post-moirem. Taxonomical. 
problems cause also some differences in the com¬ 
position of the fauna. The utsid Bosdagius is 
known only from Volax and possibly represents a 
form of the genus Ursus. 

However the Olivola fauna differs more from the 
others and seems to be younger. The Simpson 
index is small and the Pickford index is high 
both in generic and specific level indicating the 
differentiation of the Olivola fauna from the 
others (Fig. 9). The presence of Cam's etruscus, 
Pliohyaena brevirostris and Panthera gombitszoe- 
gensis indicates a younger age for the Olivola 
fauna. As mentioned before, Cams etruscus cor¬ 
responds to the beginning of early Pleistocene 
(Torre et al. 1992). The large-.seed Pliohyaena 
brevirostris appeared in Europe at early 
Pleistocene in Olivola fauna (Totre et al. 1992). 
However, in Greece, this species has appeared 
earlier in the Gerakarou fauna, where it was 
found together with Pliohyaena perrieri. The 
Gerakarou fauna has been dated at the transition 
between Pliocene/Pleisrocene (Koufos 1992; 
Kostopoulos 1996). Panthera gombaszoegensis also 
characterizes the beginning of late Villafranchian 
(Azzaroli et al. 1988) and its presence in the 
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Olivola fauna indicates a younger age than that 
of Volax, Dafnero, La Puebla and Saint-Vallier. 
In the last two localities the more primitive 
Panthera schctnbi is present. The VolaxTau na pre¬ 
serves more primitive characters and corresponds 
to Saint-Vallier Faunal Unit of Torre et al. 
(1992). These faunal similarities of the Volax 
material with the other localities reflect also age 
similarities and a middle Villafranchian age is 
proposed for ihe locality of Volax. 
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APPENDIX 

MEASUREMENTS AND STATISTICS 


Mandible 

VOL-202 

VOL-204* 

2 

-156 

. 

3 

95.2 

- 

4 

91.5 

- 

5 

188.5 

110.5 

7 

70 

- 

10 

110 

57.7 

11 

79.5 

- 

12 

63.7 

37.2 

13 

93 

- 

14 

(24) 

- 

16 

140 

* 


Table 1. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. 
Mandible. *. VOL-204 is a hemimandible with milk teeth. 2, 
muzzle length middle ol the line connecting the anterior borders 
of p2 to a point situated between the two il; 3. premolar length 
(alveolar); 4, molar length (alveolar); 5, toothrow length (alveo¬ 
lar); 7, muzzle breadth: breadth at the posterior borders of i3; 
10, height of the jaw behind m3; 11, idem between p4 and ml; 
12, idem in front of p2; 13, symphysis length; 14, minimal breadth 
of the symphysis; 16. length of diastema p2-i3. 


VOL-203 VOL-209 

dex sin 


P2 

Lo 

41.8 

39.6 

41.3 


Bo 

27.8 

28.0 

28.2 


Lp 

6.8 

6.3 

6.4 


Bp 

5.7 

5.4 

5.8 


PI 

16.3 

15.9 

15.5 

P3 

Lo 

30.4 

30.8 

- 


Bo 

27.3 

28.7 

- 


Lp 

7.7 

7.6 

- 


Bp 

6.0 

5.4 

- 


PI 

25.3 

24.7 

- 

P4 

Lo 

29.5 

29.8 

- 


Bo 

- 

29.5 

- 


Lp 

- 

9.4 

- 


Bp 

- 

5.2 

- 


PI 

- 

31.5 

- 

Ml 

Lo 

26.4 

29.0 



Bo 

- 

29.2 



Lp 

- 

8.4 



Bp 

- 

5.0 



PI 

- 

29.0 


M2 

Lo 

26.9 

(30.4) 



Bo 

- 

27.4 



Lp 

9.6 

- 



Bp 

4.4 

- 



PI 

35.7 

- 


M3 

Lo 

31.4 

. 



Bo 

23.3 

- 



Lp 

10.0 

- 



Bp 

3.3 

- 



PI 

31.8 

- 



Table 2. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. 
Upper permanent cheek teeth. Lo, occlusal length; Bo, occlusal 
breadth; Lp, protocone length; Bp, protocone breadth; PI, proto¬ 
cone index. 


654 


GEODIVERSITAS • 1997 • 19(3) 



CO '•fr 


Equus stenonis from middle Villafranchian of Macedonia 


VOL-202 

dex sin 


P2 


P3 


p4 


ml 


m2 


m3 


Lo 

37.5 

36.5 

Bo ant. 

14.2 

13.1 

Bo post. 

16.7 

17.0 

Lprfl 

9.0 

9.0 

Lptfl 

15.0 

13.5 

IF 

40.0 

37.0 

Lo 

31.2 

31.2 

Bo ant. 

17.7 

18.4 

Bo post. 

17.4 

19.0 

Lprfl 

9.4 

9.8 

Lptfl 

12.4 

13.4 

IF 

39.7 

42.9 

Lo 

30.5 

29.6 

Bo ant, 

17.0 

17.8 

Bo post. 

17.4 

19.0 

Lprfl 

9.4 

9.2 

Lptfl 

12.2 

12.6 

IF 

40.0 

42.6 

Lo 

28.0 

27.7 

Bo ant. 

17.4 

17.0 

Bo post. 

16.8 

18.2 

Lprfl 

7.6 

7.8 

Lptfl 

9.0 

9.8 

IF 

32.1 

35.4 

Lo 

- 

30.0 

Bo ant. 

- 

16.2 

Bo post. 

- 

- 

Lprfl 


7.8 

Lptfl 

- 

10.1 

IF 

- 

33.7 

Lo 

- 

33.3 

Bo ant. 

- 

15.8 

Bo post. 

- 

13.6 

Lprfl 


7.4 

Lptfl 

- 

9.4 

IF 

- 

28.2 


Table 3. — Equus stenoni cf. vireti, Volax, Macedonia, Greece. 
Lower permanent cheek teeth. Lo, occlusal length; Bo ant., 
anterior occlusal breadth; Bo post., posterior occlusal breadth; 
Lprfl, preflexid length; Lptfl, postflexid length; IF, postllexid 
index. 


Humerus n 


2 
2 

7 2 

8 4 

9 3 

10 1 

11 3 


X 

min 

max 

s 

V 

37.05 

36.5 

37.6 

0.78 

2.10 

45.60 

44.9 

46.3 

0.99 

2.17 

82.50 

81.0 

84.0 

2.12 

2.57 

87.53 

85.2 

89.6 

2.35 

2.69 

50.17 

47.2 

52.7 

2.78 

5.53 

40.00 

- 

- 

- 

- 

44.73 

43.1 

46.5 

1.70 

3.81 


Table 4. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. 
Humerus, 3, minimal breadth (oblique); 4, diameter perpendicu¬ 
lar to and at the level of 3; 7, maximal breadth of the trochlea; 
8, distal maximal depth; 9, maximal trochlear height (medial); 
10 , minimal trochlear height (in the middle); 11 , trochlear height 
at the sagittal crest (near the condyle). 
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Radius 

n 

X 

min 

max 

s 

V 

1 

i 

362.80 

. 

. 

. 

. 

2 

i 

343.00 

- 

- 

- 

- 

3 

3 

44.10 

43.9 

44.4 

0.26 

0.60 

4 

3 

30.50 

28.5 

33.0 

2.29 

7.51 

5 

1 

75.70 

- 

- 

- 

- 

6 

1 
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- 

- 

- 

- 

7 

1 
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- 

- 

- 

- 

8 

2 
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65.4 
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9 

1 
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- 

10 

2 
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- 
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1 
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- 
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Me III 
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1 
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2 
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29.1 

- 

- 

5 

1 
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- 

- 
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1 
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- 

- 

- 

- 

10 

3 

48.93 

47.4 

50.0 

1.12 

2.27 

11 

4 

48.55 

47.4 

49.7 

1.10 

2.27 

12 

3 

35.80 

33.9 

37.2 

1.39 

3.90 

13 

3 

27.53 

27.0 

27.9 

0.38 

1.40 

14 

4 

30.18 

29.1 

31.5 

0.91 

3.03 

16 

2 

8.00 

7.5 

8.5 

- 

* 


Tibia 

n 

X 

min 

max 

s 

V 

3 

3 

46.80 

45.4 

47.7 

1.00 

2.14 

4 

3 

32.63 

31.3 

33.5 

0.96 

2.93 

5 

1 

74.1 

- 

- 

. 

- 

6 

1 

61.1 

- 

- 

- 

- 

7 

3 

71.23 

68.5 

75.9 

3.32 

4.66 

8 

3 

47.00 

44.3 

49.2 

2.03 

4.32 

9 

1 

17.0 

- 

- 

- 

- 


Astragalus 

VOL-196 

VOL-197 

1 

. 

65.8 

2 

- 

[63.2] 

3 

30.6 

28.8 

4 

66 

64.7 

5 

51.3 

[55.5] 

6 

36 

34.5 

7 

48.5 

51 


Table 5. Equus stenoni cl. vireti, Volax, Macedonia, Greece. 
Radius 1. maximal length; 2, medial length: 3. minimal breadth 
of diaphysis; 4, DAP of the diaphysis at the level of 3; 5, proxi¬ 
mal articular breadth; 6, proximal articular DAP, 7, proximal 
maximal breadth; 8, distal articular breadth; 9. distal articular 
DAP; 10. distal maximal breadth: 11, diameter of the articular 
facet lor navicular: 12.. idem foririqueiruin. 


Table 6. — Equus stenonis of. vireti, Volax, Macedonia, Greece. 
Third metacarpal. 1, maximal length; 2, internal length; 3, bread¬ 
th of the diaphysis (in the middle); 4, DAP, idem at Ihe level of 3; 
5, proximal articular breadtn; 6, proximal articular DAP; 7, maxi¬ 
mal diameter ol the articular facel lor os magnum- 8, diameter of 
the anterior facet for hamatum; 9, diameter of the articular facet 
for Me II; 10, distal maximal supra-articular breadth: 11. distal 
maximal articular Breadth; 12, distal maximal. DAP ot the keel; 
13. distal minimal DAP of the lateral condyle; 14, distal maximal 
DAP of the medial condyle; 16. diameter for the articular facet 
for Me III. 


Table 7. — Equus stenonis cl. vireti, Volax, Macedonia. Greece. 
Tibia. 3, minimal breadth of the diaphysis; 4, DAP of the diaphy¬ 
sis at the level of 3; 5, proximal maximal breadth; 6. proximal 
maximal depth: 7, maximal distal breadth: 8. maximal distal 
DAP; 9, length of the fossa digitalis. 


Table 8, — Equus stenonis cf vireti, Volax, Macedonia, Greece. 
Astragalus. 1, maximal length (height) articulation surface for 
navicular-top of the internal condyle; 2, maximal diameter ot the 
internal condyle; 3, Irochlear breadth: middle of the Internal- 
middle of the external condyles; 4, maximal breadlh (in projec¬ 
tion), 5 distal articular broadth; 6. distal articular DAP; 
7, maximal DAP ol Ihe internal condyle. 
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Equus stenonis from middle Villaffanchian of Macedonia 


Mt III 

n 

X 

min 

max 

s 

V 

1 

2 

275.50 

270.0 

281 

. 

. 

3 

5 

35.60 

33.7 

37.3 

1.31 

3.68 

4 

5 

32.94 

31.4 

34.6 

1.14 

3.46 

5 

3 

49.80 

47.0 

52 

2.55 

5.13 

6 

2 

38.25 

38.0 

38.5 

- 

- 

7 

2 

47.50 

47.4 

47.6 

- 

- 

8 

5 

11.50 

10.7 

11.9 

0.47 

4.12 

9 

1 

6.4 

- 

- 

- 

- 

10 

6 

48.70 

47.3 

50 

1.11 

2.29 

11 

6 

47.65 

46.2 

49.5 

1.31 

2.75 

12 

7 

36.44 

34.5 

37.9 

1.16 

3.2 

13 

6 

26.72 

25.4 

27.5 

0.82 

3.08 

14 

5 

30.94 

29.3 

31.7 

0.97 

3.12 


Phalanx 1 VOL-181 

VOL-182 

VOL-183 

VOL-184 VOL-185 

1 

78.4 

. 

84.6 

. 

81.8 

2 

71.4 

- 

74.9 

- 

- 

3 

32.5 

- 

33.5 


34.2 

4 

55,7 

- 

54.2 

44.7 

54.6 

5 

37.0 

- 

37.4 

29.3 

- 

6 

44.1 

43.0 

46.2 

- 

47.1 

7 

42.1 

- 

45.0 

- 

46.4 

8 

23.7 

- 

24.4 

- 

25.2 

9 

42.0 

- 

50.1 

* 

45.5 


/ 

l 


Phalanx II 

VOL-186 

VOL-187 

1 

48.6 

46.7 

2 

34.3 

33.2 

3 

45.4 

45.2 

4 

53.8 

52.2 

5 

33.6 

32.7 

6 

49.5 

48.1 


Phalanx III 

VOL-188 

VOL-189 

VOL-190 

VOL-191 

1 

57.3 

47.8 

- 

55.7 

2 

47.8 

50.5 

- 

49.8 

3 

67.3 

67.3 

- 

- 

6 

37.1 

41.4 

38.8 

40.8 


Table 9. — Equus stenonis cf. vireti, Volax, Macedonia, Greece. 
Third motatarsal. 1. maximal length; 3, breadth ol the diaphysis 
(In the middle); 4, DAP Idem at tho level ot 3; 5, proximal articu¬ 
lar breadth, 6, proximal articular DAP; 7, maximal diameter or 
the articular lacet (or the cuneiform; 8, diameter ol the articular 
facet tor cuboid; 9, idem tor eunotform distal maximat 
supra-d'licular breadth, 11, distal maximal anicular breadth; 
12, distal maximal DAP ol the keel; 13, distal minimal DAP bt 
the lateral condyle; t4 distal maximal DAP of Ihe medial con¬ 
dyle. 


Table 10. — Equus stenonis cf. vireti, Volax, Macedonia, 
Greece. First phalanx ot the third digit 1, maximal length' 
2, anterior length; middle of the proximal articular facet-middle of 
the distal facet; 3, minimal breadth of the diaphysis; 4, proximal 
breadth; 5. proximal DAP; 6, distal breadth at the tuberosities. 
7, distal articular breadth; 8, distal articular DAP; 9, minimal 
length of the trigonum phalangis. 


Table 11 — Equus stenonis cf. vireti, Volax, Macedonia, 
Greece, Second phalanx of the third digit. 1, maximal length, 
2, anterior length (as in the first phalanx); 3, minimal breadth of 
the diaphysis; 4, maximal proximal breadth; 5, proximal DAP; 
6, distal articular maximal breadth. 


Table 12. — Equus stenonis cf. vireti, Volax, Macedonia, 
Greece. Third phalanx of the third digit. 1, length from the poste¬ 
rior edge of the articular surface to the tip of the phalanx; 
2, anterior length; 3, maximal breadth; 6, maximal height. 
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